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(g) Metallic foil with adhesion promoting layer. 



(g) This invention relates to a metallic foil with an adhesion promoting layer overlying at least one side of 
said foil, said adhesion promoting layer comprising at least one silane coupling agent, the base surface 
of said foil underlying said adhesion promoting layer being characterized by the absence of added 
surface roughening. In one embodiment the adhesion promoting layer is characterized by the absence 
of chromium. In one embodiment the base surface of the foil underlying the adhesion promoting layer is 
characterized by the absence of a layer of zinc or chromium adhered to said base surface. 
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Technical Field 

This invention provides metallic foils and, more particularly, metallic foils having an adhesion promoting 
layer overlying at least one side thereof. In one embodiment these foils are conductive foils (e.g., copper foils) 
5 used in the manufacture of printed circuit boards (PCBs). The invention thus extends to (possibly etched) lam- 
inates comprising the foils and one or more layers of non-conductive material. 

Background of the Invention 

10 PCBs are components of electronic devices which are made from laminates which comprise a conductive 

foil, usually copper, and a polymeric resin substrate. The conductive foil forms the conductors in electronic 
devices and the polymeric resin substrate forms an insulation between the conductors. The conductor and in- 
sulator are in intimate contact and the adhesion between them contributes to the performance and reliability 
of the electronic devices made with them. 

is Electrodeposited and wrought or rolled copper foils used in the manufacture of printed circuit boards do 

not adhere well to the polymeric substrates. The prior practice for achieving adhesion between copper foil and 
insulating polymeric substrates has been to roughen the copper surface. 

Surface roughening has been achieved by several means. The electrodeposited copperfoiis can be elec- 
troformed with a rough surface. On top of this rough surface further roughening is carried out by applying a 

20 high surface area treatment These treatments may be a copper deposited electrolytically in nodular or dend- 
ritic form, or a copper oxide which grows nodular or dendritic. Oft times the rolled copper foil has mechanical 
roughness imparted to it during rolling or by subsequent abrasion. The rolled foils also are conventionally treat- 
ed with surface area increasing nodular copper or copper oxide treatments. 

These surface roughening treatments increase adhesion to the polymers by forming a mechanical inter- 

25 lock with the resin. The mechanical interlock is formed when an adhesive in its liquid state is applied and then 
cured or when the resin melts and flows prior to cure during lamination. The polymers flow around the rough- 
ened surface area treatments to form the mechanical interlock. 

The surface roughening that has been used to enhance adhesion between copper and polymeric resin 
substrates cause difficulties in the manufacture of PCBs and contributes to poor PCB performance. In the 

30 subtractive copper etching process additional etching time is required to remove the dendrites or nodules em- 
bedded in the resin. This not only slows down the production process but contributes to greater line loss due 
to the lateral etching of the copper line's sidewalls. The surface roughening contributes to poor PCB electrical 
performance by slowing down high frequency electrical signals. The necessity of having a rough base foil has 
limited other properties, such as tensile strength and elongation, that produce good laminate and PCB per- 

35 formance. The dendritic or nodular surface roughening treatments are difficult to apply, requiring special 
equipment in the case of electrolytic treatment, and special chemicals in the case of the oxide treatments. 

Japanese Patent Application Publication (Kokoku) No. 60-15654 discloses a method for adhesively attach- 
ing a chrome-treated layer of copper foil to a resin substrate. In a first embodiment the chrome-treated layer 
is formed on the rough or matte side of the copper foil. This chrome-treated layer is treated with a solution of 

40 a silane coupling agent represented by the formula YRSiX 3l wherein Y is a functional group that is reactive 
with a high polymer, R is a bonding group which includes a chain-like or a cyclic hydrocarbon connecting Y 
and Si, and X is a hydrolyzable organic or inorganic group. In a second embodiment the chrome-treated layer 
is first formed on the rough side of the copper foil and is then impregnated with a silane coupling agent rep- 
resented by the above formula. With each embodiment the treated surface is bonded to the resin substrate. 

4$ Japanese Patent Application Publication (Kokoku) No. 2-19994 discloses copper foil for use in making 

printed circuits wherein a layer of zinc or zinc alloy is formed on the rough or matte side of the copper foil. A 
chrome-treated layer is formed on the zinc or zinc alloy layer. This chrome-treated layer is treated with a silane 
coupling agent represented by the formula YRSiX 3 , wherein Y is a functional group that is reactive with a high 
polymer, R is a bonding group which includes a chain-like or a cyclic hydrocarbon connecting Y and Si, and X 

50 is a hydrolyzable organic or inorganic group. 

U.S. Patent 5,071,520 discloses a technique for improving the peel strength of wrought or electrolytically 
deposited copper foil having an anti-tarnish treatment applied thereto. The anti-tarnish treatment is applied 
using chromium or the combination of chromium and zinc. The treated foil is then subjected to a rinse containing 
a silane coupling agent 

55 U.S. Patent 3,644,146 discloses a copper-clad glass epoxy laminate made with a treated copper foil sheet 

having an extremely thin oxidation-resistant amino-silane film applied to it. The copper foil is treated with chem- 
icals on the bonding side to improve adhesion resulting in copper oxides being incorporated and made a part 
of the grain structure of the copper foil surface. The amino-silane film coats the roughened copper surface 
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to prevent oxide transfer to the organic support and oxidation of the copper foil. The reference states that the 
amino-silane film can be applied to nontreated copper foil and to any other conductor metals If oxidation prob- 
lems exist with such metals. 

5 Summary of the Invention 

This invention relates to a metallic foil with an adhesion promoting layer overlying at least one side of said 
foil, said adhesion promoting layer comprising at least one silane coupling agent, the base surface of said foil 
underlying said adhesion promoting layer being characterized by the absence of added surface roughening. 
10 In one embodiment the adhesion promoting layer is characterized by the absence of chromium. In one em- 
bodiment the base surface of the foil underlying the adhesion promoting layer is characterized by the absence 
of a layer of zinc or chromium adhered to said base surface. 

Brief Description of the Drawings 



in the annexed drawings, like parts and features are designated by like references: 

Fig. 1 is a side-elevation of a copper foil with an adhesion promoting layer adhered to the matte side of 



Fig. 2 is a side-elevation of a copper foil with adhesion promoting layers adhered to both the matte side 



Fig. 3 is a side-elevation of a copper foil with a barrier layer, stabilization layer, and adhesion promoting 
layer adhered to the matte side of said foil; and 

Fig. 4 is a side-elevation of a copper foil with a barrier layer, stabilization layer, and adhesion promoting 
layer adhered to both the matte side and the shiny side of said foil. 



Description of the Preferred Embodiments 

The metallic foil used with this invention is preferably an electrically conductive foil with copper and the 
copper-based alloy foils being especially preferred. The copper foils are made using one of two techniques. 

30 Wrought or rolled copper foil is produced by mechanically reducing the thickness of a copper or copper alloy 
strip or ingot by a process such as rolling. Elect rode posited foil is produced by electrolytically depositing copper 
ions on a rotating cathode drum and then peeling the deposited strip from the cathode. Electrodeposited cop- 
per foils are especially preferred. 

The metallic foils typically have nominal thicknesses ranging from about 0.0002 inch to about 0.02 inch. 

35 Copper foil thickness is sometimes expressed in terms weight and typically the foils of the present invention 
have weights or thicknesses ranging from about 1/8 to about 14 oz/ft 2 Especially useful copper foils are those 
having weights of 1/2, 1 or 2 oz/ft 2 . 

Electrodeposited copper foils have a smooth or shiny (drum) side and a rough or matte (copper deposit 
growth front) side. The adhesion promoting layer can be adhered to either side of the foil, and in some instances 

40 it is adhered to both sides. 

The side or sides of the foil (electrodeposited or wrought) to which the adhesion promoting layer is adhered 
can be a "standard-profile surface," "low-profile surface" or "very-low-profile surface." Especially preferred 
embodiments involve the use of foils with low-profile surfaces and very low-profile surfaces. The term "stan- 
dard-profile surface" is used herein to refer to a foil surface having an Rtm of about 10 microns or less. The 

45 term "low-profile surface" refers to a foil surface having an of about 7 microns or less. The term "very-low- 
profile surface" refers to a foil surface having an Rtm of about 4 microns or less. Rt m is the mean of the maximum 
peak-to-valley vertical measurement from each of five consecutive sampling measurements, and can be meas- 
ured using a Surftronic 3 prof ilometer marketed by Rank Taylor Hobson, Ltd., Leicester, England. 



The foils of the present invention are all characterized by the absence of any added surface roughening 



so treatment on the base surface of the side or sides to which the adhesion promoting layer is adhered. The term 
"base surface" of a side of foil refers to a raw foil surface which has not been subjected to any subsequent 
treatments of the type discussed below for refining or enhancing foil properties and/or increasing surface 
roughness. The term "added surface roughening" refers to any treatment performed on the base surface of 
the foil that increases the roughness of the surface of the foil. 

55 The treatments that add surface roughness and are therefore excluded in accordance with the invention 

include copper deposited electrolytically in nodular or dendritic form, and copper oxide which grows nodular 
or dendritic on the base surface of the foil. Thus, the inventive foils are characterized by the absence of any 
dendritic or nodular copper or copper oxide applied to the base surface of the foil. (Note that copper foil having 
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said foil; 
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and the shiny side of said foil; 
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a naturally occurring, non-dendritic or non-nodular layer of copper oxide on its base surface is not excluded 
from being within the scope of the present invention.) 

In one embodiment, mechanical roughness imparted to wrought copper foil during rolling or by subsequent 
abrasion which increases roughness beyond that of a standard profile surface is considered to be an added 

5 surface roughening treatment and is therefore excluded in accordance with the invention. In one embodiment, 
roughness imparted to an elect rode posited copper foil during electro-deposition which increases roughness 
beyond that of a standard profile surface is considered to be an added surface roughening. In one embodiment, 
any roughness imparted to the base surface of a copper foil that increases the roughness of said foil beyond 
that of a standard profile surface is considered to be an added surface roughening treatment In one embodi- 

10 ment, any roughness imparted to the base surface of a copper foil that increases the roughness of said foil 
beyond that of a low-profile surface is considered to be an added surface roughening treatment. In one em- 
bodiment, any roughness imparted to the base surface of a copper foil that increases the roughness of said 
foil beyond that of a very low-profile surface is considered to be an added surface roughening treatment 
In one embodiment, the foils of the present invention are characterized by the absence of a metallic layer 

is consisting of zinc or a metallic layer consisting of chromium applied to the base surface of the foil underlying 
the adhesion promoting layer. (Note that this limitation does not exclude the use of metallic layers comprised 
of mixtures of both zinc and chromium that are applied to the base surface.) 

In one embodiment the base surface of the side or sides of the foil to which the adhesion promoting layer 
is adhered is untreated prior to the application of the adhesion promoting layer to the foil. The term "untreated" 

20 is used herein to refer to the base surface of a foil that has not undergone subsequent treat ment for the purpose 
of refining or enhancing the foil properties and/or increasing surface roughness. In one embodiment, the un- 
treated foils have a naturally occurring, non-dendritic or non-nodular layer of copper oxide adhered to the base 
surface thereof. 

In one embodiment, the base surface of the side or sides of the foil to which the adhesion promoting layer 
25 is adhered is treated, prior to the application of the adhesion promoting layer, with one or more surface treat- 
ment layers for the purpose of refining or enhancing the foil properties. Any side of the foil which does not have 
an adhesion promoting layer applied to it can, optionally, also have one or more of such treatment layers applied 
to it These surface treatments are known in the art 

The surface treatments include the application of a metallic layer to the base surface of the foil wherein 
30 the metal is selected from the group consisting of indium, tin, nickel, cobalt, brass, bronze, and mixtures of 
two or more thereof. Metallic layers of this type are sometimes referred to as barrier layers. These barrier layers 
preferably have thicknesses in the range of about 0.01 to about 1 micron, more preferably about 0.05 to about 
0.1 micron. 

The surface treatments also include the application of a metallic layer wherein the metal is tin, chromium- 
35 zinc mixture (referred to in the examples below as "Zn+Cr"), nickel, molybdenum, aluminum, or a mixture of 
two or more thereof. Metallic layers of this type are sometimes referred to as stabilization layers. These sta- 
bilization layers can be applied to the base surface of the foil, or they can be applied to a previously applied 
barrier layer. These stabilization layers preferably have thicknesses in the range of about 0.005 to about 0.05 
micron, more preferably about 0.01 to about 0.02 micron. 
40 In one embodiment, one or both sides of the foil are first treated with at least one barrier layer, then at 

least one of the treated sides is treated with at least one stabilization layer prior to the application of the ad- 
hesion promoting layer. The adhesion promoting layer is then applied over the stabilization layer. In this em- 
bodiment, the stabilization layer can be a layer of zinc or a layer of chromium in addition to those discussed 
above. 

45 The adhesion promoting layer is adapted for enhancing adhesion between the foil and a polymeric resin 

substrate. The adhesion promoting layer comprises at least one silane coupling agent In one embodiment the 
adhesion promoting layer is characterized by the absence of chromium intennixed therewith. The adhesion pro- 
moting layer is made by applying one or more of the following silane coupling agents to at least one side or 
surface of the foil. 

so The silane coupling agent can be represented by the formula 

R4-nSiX n 

wherein R is a functionally substituted hydrocarbon group, the functional substituent of said functionally sub- 
stituted hydrocarbon group being amino, hydroxy, halo, mercapto, alkoxy, acyl, or epoxy; X is a hydrolyzable 
group, such as alkoxy (e.g., methoxy, ethoxy, etc.), or halogen (e.g., chlorine); and n is 1 , 2 or 3, and preferably 
55 n is 3. The silane coupling agents represented by the above formula include halosilanes, aminoalkoxysilanes, 
aminophenylsilanes, phenylsilanes, heterocyclic silanes, N-heterocyclic silanes, acrylic silanes, mercapto si- 
lanes, and mixture of two or more thereof. 

The silane coupling agent can be represented by the formula 
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O OR 6 

R'^-k-R'-O-R'-LoR 7 
5 RV OR* 

wherein: R 1 , R 2 and R 3 are independently hydrogen or hydrocarbon groups; R 4 and R 5 are independently al- 
kylene or alkylidene groups; and R 6 , R 7 and R 8 are independently hydrocarbon groups. The hydrocarbon groups 

10 preferably contain 1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 
to about 4 carbon atoms. These hydrocarbon groups are preferably alkyl. The alkylene or alkylidene groups 
R 4 and R 5 preferably contain from 1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, 
more preferably 1 to about 4 carbon atoms, more preferably 1 or 2 carbon atoms. The alkylene and alkylidene 
groups can be methylene, ethylene, propylene, etc. In one embodiment, the silane coupling agent is a conrv 

15 pound represented by the formula 

O 

20 CH^CHjOCHaCHaCHjSiCOCH^j 

The silane coupling agent can be represented by the formula 

25 

OR 5 

R'-C =C-COOR 4 -Si-OR 6 
R* R* OR 7 

30 

wherein: R 1 , R 2 and R 3 are independently hydrogen or hydrocarbon groups; R 4 is an alkylene or alkylidene 
group; and R 5 , R e and R 7 are independently hydrocarbon groups. The hydrocarbon groups preferably contain 
1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon 
35 atoms. These hydrocarbon groups are preferably alkyl (e.g., methyl, ethyl, propyl, etc.). The alkylene and al- 
kylidene groups preferably contain from 1 to about 1 0 carbon atoms, more preferably 1 to about 6 carbon atoms, 
more preferably 1 to about 4 carbon atoms. The alkylene groups include methylene, ethylene, propylene, etc. 
In one embodiment, the silane coupling agent is a compound represented by the formula 



CH, 
I 

CH,= C-COOCHjCHjCHjSiCOCH^, 

45 

The silane coupling agent can be represented by the formula 

OR 4 

50 R'-N-R'-Si-OR 5 

I i 
R a OR 6 

55 wherein: R 1 and R 2 are independently hydrogen or hydrocarbon groups; R 3 is an alkylene or alkylidene group; 
and R 4 , R 5 and R 6 are independently hydrocarbon groups. The hydrocarbon groups preferably contain 1 to 
about 1 0 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon atoms. 
These hydrocarbon groups are preferably alkyl (e.g., methyl, ethyl, propyl, etc.). The alkylene and alkylidene 



5 




groups preferably contain from 1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more 
preferably 1 to about 4 carbon atoms. The alkylene groups include methylene, ethylene, propylene, etc. In one 
embodiment this compound is represented by the formula 

H 2 NCH 2 CH 2 CH 2 Si(OC2H 5 )3 
5 The silane coupling agent can be represented by the formula 



R'-N-R'-N^-Si-OR 7 
10 I t I 

R a R 4 OR 1 



wherein: R 1 , R 2 and R 4 are independently hydrogen or hydrocarbon groups; R 3 and R 5 are independently al- 
15 kylene or alkylidene groups; and R 8 R 7 and R 8 are independently hydrocarbon groups. The hydrocarbon groups 
preferably contain 1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 
to about 4 carbon atoms. These hydrocarbon groups are preferably alkyl (e.g., methyl, ethyl, propyl, etc.). The 
alkylene and alkylldene groups preferably contain from 1 to about 1 0 carbon atoms, more preferably 1 to about 
6 carbon atoms, more preferably 1 to about 4 carbon atoms. The alkylene groups include methylene, ethylene, 
20 propylene, etc. In one embodiment this compound is represented by the formula 

HiNCHzCHzNHChbCH^HjSiCOCHaJa 
The silane coupling agent can be represented by the formula 



25 OR 3 

R'-S-R'-Si-OR 4 
I 

OR 1 



30 

wherein R 1 is hydrogen or a hydrocarbon group; R 2 is an alkylene or alkylldene group; and R 3 , R 4 and R 5 are 
independently hydrocarbon groups. The hydrocarbon groups preferably contain 1 to about 10 carbon atoms, 
more preferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon atoms. These hydrocarbon 
groups are preferably alkyl (e.g., methyl, ethyl, propyl, etc.). The alkylene and alkylidene groups preferably con- 
35 tain from 1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 to about 
4 carbon atoms. These groups are preferably alkylene (e.g., methylene, ethylene, propylene, etc.). In one em- 
bodiment, this compound is represented by the formula 

HSCH 2 CH 2 CH2Si(OCH 3 )3 
The silane coupling agent can be represented by the formula 

40 

R'R^^C-Ar-R^N-R^N-R^SKOR 9 ), HX 
I II 
R 3 R 5 R 7 

45 

wherein: R 1 , R 2 , R 3 , R 5 and R 7 are independently hydrogen or hydrocarbon groups; R 4 , R 8 and R 8 are inde- 
pendently alkylene or alkylidene groups; each R 9 is independently a hydrocarbon group; Ar is an aromatic 
group; and X is a halogen. The hydrocarbon groups preferably contain 1 to about 10 carbon atoms, more pre- 
ferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon atoms. These hydrocarbon groups are 

so preferably alkyl (e.g., methyl, ethyl, propyl, etc.). The alkylene and alkylidene groups preferably contain from 
1 to about 10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon 
atoms. These groups are preferably alkylene (e.g., methylene, ethylene, propylene, etc.). The aromatic group 
At can be mononuclear (e.g., phenylene) or polynuclear (e.g., naphthylene) with the mononuclear groups and 
especially phenylene being preferred. The halogen, X, is preferably chlorine or bromine, more preferably chlor- 

55 ine. In one embodiment this compound is represented by the formula 

CH 2 = CHC 8 H 4 CH 2 NHCH 2 CH 2 NH(CH 2 )3Si(OCH 3 )3HCI 
The silane coupling agent can be represented by the formula 
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R'O OR 5 

R'O— Si R 4 Si OR 6 

R 3 0 I OR 7 m 



10 



15 



20 



25 



SO 



35 



40 



45 



50 



wherein R 1 , R 2 , R 3 , R 5 , R e and R 7 are independently hydrocarbon groups; R 4 is an alkylene or alkylidene group; 
and n is 0 or 1. The hydrocarbon groups preferably contain 1 to about 10 carbon atoms, more preferably 1 to 
about 6 carbon atoms, more preferably 1 to about 4 carbon atoms. These hydrocarbon groups are preferably 
alkyl (e.g., methyl, ethyl, propyl, etc.). The alkylene and alkylidene group preferably contains from 1 to about 
10 carbon atoms, more preferably 1 to about 6 carbon atoms, more preferably 1 to about 4 carbon atoms. This 
group is preferably alkylene (e.g., methylene, ethylene, propylene, etc). In one embodiment this compound is 
represented by the formula 



In one embodiment this compound is tetraethoxysilane. 

Examples of useful silane coupling agents include N-(2-aminoethyl)-3-aminopropyl trimethoxysilane; 3- 
(N-styrylmethyl-2-aminoethylamino) propyl trimethoxysilane; 3-aminopropyl triethoxysilane; bis(2-hydroxye- 
thyl)-3-aminopropyltriethoxysilane; 0-(3,4-epoxy cyclohexyl)ethyl trimethoxysilane; 3-glycidoxypropyl trime- 
thoxysilane; 3-methacryloxypropyl trimethoxysilane; 3-chloropropyl trimethoxysilane; vinyl trichlorosilane; vi- 
nyl triethoxysilane; vinyl-tris(2-methoxyethoxy)silane; aminopropyl trimethoxysilane; N-methylaminopropyl 
trimethoxysilane; and N-phenylaminopropyl trimethoxysilane. 

The silane coupling agents also include 3-acetoxypropyi trimethoxysilane, N-(3-acryioxy-2-hydroxypro- 
pyl)-3-aminopropyl triethoxysilane, 3-acryloxypropyl trimethoxysilane, ally! triethoxysilane, allyl trimethoxysi- 
lane, 4-aminobutyi triethoxysilane, (aminoethylaminomethyl) phenethyl trimethoxysilane, N-(2-aminoethyl-3- 
aminopropyl) trimethoxysilane, N-(2-aminoethyl-3-aminopropyl) tris (2-ethylhexoxy)silane, 6-(aminohexyf ami- 
nopropyl) trimethoxysilane, aminophenyi trimethoxysilane, 3-(1-aminopropoxy)-3,3-dimethyl-1-propenyl tri- 
methoxysilane, 3-aminopropyltris (methoxyethoxyethoxy) silane, 3-aminopropyl triethoxy silane, 3-aminopro- 
pyl trimethoxysilane, oo-aminoundecyl trimethoxysilane, 3-[2-N-benzyiaminoethylaminopropyl] trimethoxy si- 
lane, bis(2-hydroxyethyl)-3-aminopropyl triethoxysilane, 8-bromooctyl trimethoxy silane, bromophenyi trime- 
thoxy silane, 3-bromopropyl trimethoxy silane, 2-chloroethyl triethoxy silane, p-(chloromethyl) phenyl trime- 
thoxy silane, chloromethyl triethoxy silane, chlorophenyl triethoxy silane, 3-chloropropyl triethoxy silane, 3- 
chloropropyl trimethoxy silane, 2-(4chlorosulfony I phenyl) ethyl trimethoxy silane, 3-(cyanoethoxy)-3,3-dime- 
thyl-1-propenyl trimethoxy silane, 2-cyanoethyl triethoxy silane, 2-cyanoethyl trimethoxy silane, (cyanome- 
thylphenethyl) trimethoxy silane, 3-cyanopropyl triethoxy silane, 3-cyciopentadienylpropyl triethoxy silane, 
(N,N-diethyl-3-aminopropyi)trimethoxy silane, diethylphosphatoethyl triethoxysilane, (N,N-dimethyl-3-amino- 
propyl) trimethoxy silane, 2-(diphenylphosphino) ethyl triethoxy silane, 2-(3,4-epoxycyclohexyl) ethyl trime- 
thoxy silane, 3-iodopropyl trimethoxy silane, 3-isocyanatopropyl triethoxy silane, 3-mercaptopropyl triethoxy 
silane, 3-mercaptopropyl trimethoxy silane, methacryloxypropenyl trimethoxy silane, 3-methacryloxypropyl 
trimethoxy silane, 3-methacryloxypropyltris (methoxyethoxy) silane, 3-methoxypropyl trimethoxy silane, N- 
methylaminopropyl trimethoxy silane, (>4-memylcoumarinyl-N-[3-(triethoxysliyl)propylJcaitamate,7^ - 
enyltrimethoxy silane, N-phenethyl-N'-triethoxysilyl propylurea, N-phenylaminopropyl trimethoxysilane, 3-(N- 
styrylmethyl-2-aminoethylamino)propyltrimethoxy silane, 3-thiocyanatopropyl triethoxy silane, N-(3-triethox- 
ysilyJpropyl)acetylglycinamide, N-(triethoxysilylpropyl) dansylamide, N-[3-(triethoxysilyl)propyl]-2,4-dinitro- 
phenylamine, triethoxysilylpropylethyl carbamate, N-[3-(triethoxysilyl)propyl]4,5 dihydroimidazole, N-triethox- 
ysilylpropyl-o-menthocarbamate, 3-(triethoxysilylpropyl)-p-nitrobenzamide, N-[3-(triethoxysilyl) propyl] phtha- 
lamic acid, N-(triethoxysilylopropyl) urea, 1-trimethoxysilyl-2-(p,m-chloromethyl)-phenylethane, 2-(trimethox- 
ysilyl)ethylphenylsulfonylazide, p-trimethoxysilylethyl-2-pyridine, trimethoxysilyloctyl trimethylammonium 
bromide, trimethoxysilyl propyl cinnamate, N(3-trimethoxysilylpropyl>-N-methyl-N,N-d!allylammonium chlor- 
ide, trimethoxysilylpropyldiethylenetriamine, N-[(3-trimethoxysilyl)propyl] ethylenediamine triacetic acid triso- 
dium salt, trimethoxysilylpropylisothiouronium chloride, N-(3-trimethoxysilyl propyl) pyrrole, N-trimethoxysilyl- 
propyl tri-N-butylammonium bromide, and N-trimethoxysilyl propyl N,N,N-trimethylammonium chloride. 

The silane coupling agents also include vinyl triethoxy silane, vinyl triisopropoxy silane, vinyl trimethoxy 
silane, vinyl tris-t-butoxy silane, vinyl tris (2-methoxyethoxy) silane, vinyl triisopropenoxy silane, and vinyl tris 
(t-butylperoxy) silane. 

The silane coupling agents also include 2-acetoxyethyl trichloro silane, 3-acryloxypropyl trichloro silane, 
allyltrichloro silane, 8-bromooctyl trichloro silane, bromophenyi trichloro silane, 3-bromopropyl trichloro silane, 
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2-(carbomethoxy) ethyl trichloro silane, 1-chloroethyl trichloro silane, 2-chloroethyl trichloro silane, p-(chlor- 
omethyl) phenyl trichloro silane, chloromethyi trichloro silane, chlorophenyl trichloro silane, 3-chloropropyl tri- 
chloro silane, 2-(4-chlorosulfonylphenyl) ethyl trichloro silane, (3-cyanobutyl) trichloro silane, 2-cyanoethyl tri- 
chloro silane, 3-cyanopropyl trichloro silane, (dichloromethyl) trichloro silane, (dichlorophenyl) trichloro silane, 

5 6-hex-1-enyl trichloro silane, 3-methacryloxypropyl trichloro silane, 3-(4-methoxyphenyl)propyl trichloro si- 
lane, 7-oct-1-enyl trichloro silane, 3-(N-phthalimido) propyl trichloro silane, 1-trichlorosilyl-2-(p,m-chlorome- 
thylphenyl) ethane, 4-[2-(trichlorosilyl)ethyll cydohexene, 2-[2-(trichlorosilyl)ethyl] pyridine, 4-[2-(trichlorosi- 
fyl)ethyl] pyridine, 3-(trichlorosilyl)propylchloroformate, and vinyl trichloro silane. 

Useful silane coupling agents include those selected from the group consisting of aminopropyltrimethoxy 

10 silane, tetraethoxy silane, bis(2-hydroxyethyI)-3-aminopropyltriethoxy silane, 3-(N-styrylmethyl-2-aminoethy- 
lamine)propyltrimethoxy silane, 3-glycidoxypropyltrimethoxy silane, N-methylaminopropyltrimethoxy silane, 
2-(2-aminoethyl-3-aminopropyl)trimethoxy silane, and N-phenylaminopropyltrimethoxy silane. 

A useful silane coupling agent mixture is 3-glycidoxypropyltrimethoxy silane and phenyltriethoxy silane. 
The weight ratio of the former to the latter preferably ranges from about 1:10 to about 10:1, more preferably 

15 about 1:5 to about 5:1 , and in one embodiment the weight ratio is about 1:3. 

A useful silane coupling agent mixture is N-methylaminopropyitrimethoxy silane and chloropropyltrime- 
thoxy silane. The weight ratio of the former to the latter preferably ranges from about 1 : 1 0 to about 1 0:1 , more 
preferably about 1:5 to about 5:1 , and in one embodiment the weight ratio is about 1:1. 

A useful silane coupling agent mixture is 3-(N-styrylmethyl-2-aminoethyi amino) propyltrimethoxy silane 

20 and N-methylaminopropyltrimethoxy silane. The weight ratio of the former to the latter preferably ranges from 
about 1:10 to about 10:1, more preferably about 1:5 to about 5:1, and in one embodiment the weight ratio is 
about 1:1. 

A useful silane coupling agent mixture is 3-glycidoxypropyltrimethoxy silane and N-methylaminopropyl- 
trimethoxy silane. The weight ratio of the former to the latter preferably ranges from about 1:10 to about 10:1 

25 more preferably about 1:5 to about 5:1, and in one embodiment the weight ratio is about 1:3. 

In one embodiment the silane coupling agent is other than 3-glycidoxypropyltrimethoxy silane. 
The coating of the foil surface with the adhesion promoting layer may be effected by applying the silane 
coupling agent alone to the surface of the foil. However, it is generally preferred that coating be effected by 
applying the silane coupling agent in a suitable medium to the foil surface. More specifically, the silane coupling 

30 agent can be applied to the foil surface in the form of a solution in water, a mixture of water and alcohol, or a 
suitable organic solvent, or as an aqueous emulsion of the silane coupling agent, or as an aqueous emulsion 
of a solution of the silane coupling agent in a suitable organic solvent Conventional organic solvents may be 
used for the silane coupling agent and include, for example, alcohols, ethers, ketones, and mixtures of these 
with aliphatic or aromatic hydrocarbons or with amides such as N,N-dimethylformamide. Useful solvents are 

35 those having good wetting and drying properties and include, for example, water, ethanol, isopropanol, and 
methylethylketone. Aqueous emulsions of the silane coupling agent may be formed in conventional manner 
using conventional dispersants and surfactants, including non-ionic dispersants. It may be convenient to con- 
tact the metal surface with an aqueous emulsion of the silane coupling agent The concentration of the silane 
coupling agent in such solutions or emulsions can be up to about 1 00% by weight of the silane coupling agent, 

40 but preferably is in the range of about 0.1% to about 5% by weight, more preferably about 0.3% to about 1% 
by weight The process of coating with the silane coupling agent may be repeated, if desired, several times. 
However, a single coating step gives generally useful results. The silane coupling agent may be applied to the 
foil surface using known application methods which include reverse roller coating, doctor blade coating, dip- 
ping, painting and spraying. 

45 The application of the silane coupling agent to the foil surface is typically effected at a temperature of about 

15°C to about 45°C, more preferably about 20*C to about 30°C. Following application of the silane coupling 
agent to the foil surface, the silane coupling agent can be heated to a temperature of about 60°C to about 
170°C, preferably about 90°C to 150°C, for preferably about 0.1 to about 5 minutes, more preferably about 0.2 
to about 2 minutes to enhance drying of the surface. The dry film thickness of the silane coupling agent on 

so the foil is preferably from about 0.002 to about 0.1 micron, more preferably about 0.005 to about 0.02 microns. 

Illustrated embodiments of the inventive copper foils are disclosed in Figs. 1-4. Referring initially to Fig. 
1 , the inventive copper foil structure is constituted of a copper foil 1 0, which has a matte side 12 and a shiny 
side 14, and an adhesion promoting layer 20 overlying and adhered to the base surface of the matte side 12. 
The structure illustrated in Fig. 2 is identical to the structure illustrated in Fig. 1, with the exception that 

55 the foil in Fig. 2 also has an adhesion promoting layer 22 overlying and adhered to the base surface of the 
shiny side 14 of foil 10. 

Referring to Fig. 3, a copperfoil 10, which has a matte side 12 and a shiny side 14, has a barrier layer 16 
overlying and adhered to the base surface of the matte side 12. A stabilization layer 18 overlies and is adhered 
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to barrier layer 16. An adhesion promoting layer 20 overlies and is adhered to the stabilization layer 18. 

The structure illustrated in Fig. 4 is identical to the structure illustrated in Fig. 3, with the exception that 
the structure illustrated in Fig. 4 also contains a barrier layer 15 overlying and adhered to the base surface of 
the shiny side 14, a stabilization layer 17 overlying and adhered to the barrier layer 15, and an adhesion pro- 

5 moting layer 22 overlying and adhered to the stabilization layer 17. 

The inventive copper foils with adhesion promoting layer applied thereto preferably have a matte-side 
roughness, Rt m , of about 2 to about 17 microns, more preferably about 4 to about 1 0 microns, more preferably 
about 5 to about 7 microns. In one embodiment of the invention, these foils have weights of about 1/2 ounce 
per square foot and the Rt m of the matte side is preferably about 2 to about 11 microns, more preferably about 

10 4 to about 7 microns. In one embodiment, these foils have weights of about 1 ounce per square foot and the 
Rt ro of the matte side is preferably about 2 to about 15 microns, more preferably about 5 to about 8 microns. 
In one embodiment, these foils have weights of about 2 ounces per square foot and the Rt m of the matte side 
is preferably about 6 to about 17 microns, more preferably about 7 to about 10 microns. The Rt m for the shiny 
side of these foils is preferably less than about 4 microns, more preferably less than about 3 microns, and is 

15 preferably in the range of about 1.5 to about 3 microns, more preferably in the range of about 2 to about 2.5 
microns. 

The following examples are provided for purposes of illustrating the invention. Unless otherwise indicated, 
in the following examples as well as throughout the specification and claims, all parts and percentages are 
by weight, all temperatures are in degrees centigrade, and all pressures are atmospheric. 

20 

Example 1 

A 0.5% by weight aqueous solution of aminopropyltrimethoxy silane in deionized water is prepared. Eleo 
trodeposited copper foil samples having weights of 1 oz/ft 2 and the roughness (Rtm) and treatment character- 
25 istics (e.g., none or untreated, stabilizer layer, barrier layer followed by stabilizer layer) indicated below are 
dipped in this solution for 30 seconds, squeegeed to remove excess solution from the side of interest and air 
dried. The samples are heated in an oven at 90±5°C for one minute to provide silane treated samples. The 
silane treated samples and foil samples identical to the silane treated samples but for the silane treatment 
are laminated to a dif unctional epoxy prepreg. The samples are scribed with 1/4" lines and evaluated for initial 



30 peel strength with the following results: 





Sample 


Silane Treatment 




Barrier/Stabilizer Layer(s) 


Initial Peel Strength 
(lb/inch) 


35 


A 


No 


4-6 


None 


2.27 




B 


Yes 


4-6 


None 


3.36 




C 


No 


4-6 


Stabilizer-Zn+Cr 


3.35 


40 


D 


Yes 


4-6 


Stabilizer-Zn+Cr 


5.63 




E 


No 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


8.29, 6.17 




F 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


9.89, 9.84 


45 


G 


No 


8-10 


Barrier-Brass/Stabil izer-Zn+Cr 


10.48 




H 


Yes 


8-10 


Barrier-Brass/Stabilizer-Zn+Cr 


11.96 



Example 2 

AO.5% by weight aqueous solution of bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane in deionized water 
is prepared. An electrodeposited copper foil sample having a weight of 1 oz/ft 2 and the roughness and treat- 
ment characteristics indicated below is dipped in this solution for 30 seconds, squeegeed to remove excess 
solution from the shiny side and air dried. The sample is heated in an oven at 90±5°C for one minute to provide 
a silane treated sample. The silane treated sample and a foil sample identical to the silane treated sample but 
for the silane treatment are laminated to a dif unctional epoxy prepreg. The samples are scribed with 1/4" lines 
and evaluated for initial peel strength with the following results: 
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Sample 


Silane Treatment 


Rtm(n) 


Barrier/Stabilizer Layer(s) 


Initial Peel Strength 
(lb/Inch) 


A 


No 


1-3 


Stabilizer-Zn+Cr 


2.64 


B 


Yes 


1-3 


Stabilizer-Zn+Cr 


4.28 



Example 3 

A 0.5% by weight aqueous solution of tetraethoxysilane in deionized water is prepared. Electrode posited 
copperfoil samples having weights of 1 oz/ft 2 and the roughness and treatment characteristics indicated below 
are dipped in this solution for 30 seconds, squeegeed to remove excess solution from one side and air dried. 
The samples are heated in an oven at 90±5°C for one minute to provide silane treated samples. The silane 
treated samples and foil samples identical to the silane treated samples but for the silane treatment are lam- 
inated to a difunctional epoxy prepreg. The samples are scribed with 1/4" lines and evaluated for initial peel 
strength with the following results: 



20 


Sample 


Silane Treatment 


Rtm(") 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 




A 


No 


1-3 


Stabilizer-Zn+Cr 


3.19 




B 


Yes 


1-3 


Stabilizer-Zn+Cr 


5.49 


25 


C 


No 


4-6 


Stabilizer-Zn+Cr 


3.84 




D 


Yes 


4-6 


Stabilizer-Zn+Cr 


8.46 




E 


No 


6-10 


Barrier-Brass/Stabilizer-Zn+Cr 


10.31 


30 


F 


Yes 


6-10 


Barrier-Brass/Stabilizer-Zn+Cr 


11.59 



Example 4 

35 A 0.5% by weight aqueous solution of tetraethoxysilane in deionized water is prepared. Electrodeposited 
copperfoil samples having weights of 1 oz/ft 2 and the roughness and treatment characteristics indicated below 
are dipped in this solution for 30 seconds, squeegeed to remove excess solution from one side and air dried. 
The samples are heated in an oven at 90±5°C for one minute to provide silane treated samples. The silane 
treated samples and foil samples identical to the silane treated samples but for the silane treatment are lam- 
*4o inated to a tetraf unctional epoxy prepreg. The samples are scribed with 1/4" lines and evaluated for initial peel 
strength with the following results: 





Sample 


Silane Treatment 


Rt m (u) 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/Inch) 


45 


A 


No 


1-3 


Stabilizer-Zn+Cr 


1.21 




B 


Yes 


1-3 


Stabilizer-Zn+Cr 


4.64 




C 


No 


4-6 


Stabilizer-Zn+Cr 


1.28 




D 


Yes 


4-6 


Stabilizer-Zn+Cr 


6.20 




E 


No 


6-10 


Barrier-Brass/Stabilizer-Zn+Cr 


4.71 




F 


Yes 


6-10 


Barrier-Brass/Stabilizer-Zn+Cr 


7.13 



S5 
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Example 5 

A 0.5% by weight aqueous solution of 3-(N-styrylmethyl-2-aminoethylaniine)propyltrimethoxysilane in 
deionized water is prepared. Electrodeposited copper foil samples having weights of 1 oz/f t 2 and the roughness 
s and treatment characteristics indicated below are dipped in this solution for 30 seconds, squeegeed to remove 
excess solution from one side and air dried. The samples are heated in an oven at 90±5°C for one minute to 
provide silane treated samples. The silane treated samples and foil samples identical to the silane treated sam- 
ples but for the silane treatment are laminated to a difunctional epoxy prepreg. The samples are scribed with 
1/4" lines and evaluated for initial peel strength with the following results: 



10 


Sample 


Silane Treatment 


Rtm(u) 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 




A 


No 




1-3 


Stabilizer-Zn+Cr 


2.64 


15 


B 


Yes 




1-3 


Stabilizer-Zn+Cr 


3.23 




C 


No 




6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


7.43 




D 


Yes 




6-8 


Barrier-Brass/Stabil izer-Zn+Cr 


9.49 



20 



Example 6 

A 0.5% by weight aqueous solution of 3-glycidoxypropyltrimethoxysilane in deionized water is prepared. 
Electrodeposited copper foil samples having weights of 1 oz/ft 2 and the roughness and treatment character- 
istics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution from 
one side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane treated 
samples. The silane treated samples and foil samples identical to the silane treated samples but for the silane 
treatment are laminated to a difunctional epoxy prepreg. The samples are scribed with 1/4" lines and evaluated 
for initial peel strength with the following results: 

Initial Peel 



Sample 


Silane 

Treatment IWh) Barrfer/Stabiliwr Layeds) 


Strength 
flb/lnch) 


A 


No 


4-6 


Untreated* 


4.83 


B 


Yes 


4-6 


Untreated* 


6.36 


C 


No 


1-3 


Stabilizer-Zn+Cr 


3.19 


D 


Yes 


1-3 


Stabilizer-Zn+Cr 


4.55 


E 


No 


4-6 


Stabilizer-Zn+Cr 


3.84, 3.35 


F 


Yes 


4-6 


Stabilizer-Zn+Cr 


4.63, 7.75 


G 


No 


6-10 


Barrier-Brass/Stabilizer- Zn + Cr 


10.31 


H 


Yes 


6-10 


Barrier-Brass/Stabilizer-Zn+Cr 


11.67 



* Hie untreated samples^ have a naturally occurring, non-dendritic or non-nodular 
layer of CuO adhered to their base surface. 



55 Example 7 

A 0.5% by weight aqueous solution of 3-glycidoxypropyltrimethoxy silane in deionized water is prepared. 
Electrodeposited copper foil samples having weights of 1 oz/f t 2 and the roughness and treatment character- 
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istics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution from 
one side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane treated 
samples. The silane treated samples and foil samples identical to the silane treated samples but for the silane 
treatment are laminated to a tetrafunctional epoxy prepreg. The samples are scribed with 1/4" lines and eval- 
5 uated for initial pee! strength with the following results: 



10 



15 



Sample 


Silane Treatment 


Rtm(u) 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 


A 


No 


1-3 


Stabilizer-Zn+Cr 


1.21 


B 


Yes 


1-3 


Stabi!izer-Zn+Cr 


1.91 


C 


No 


4-6 


Stabilizer-Zn+Cr 


1.28 


D 


Yes 


4-6 


Stabilizer-Zn+Cr 


1.91 


E 


No 


6-10 


Barrier-Brass/Stabil izer-Zn+Cr 


4.71, 5.79 


F 


Yes 


6-10 


Barrier-Brass/Stabil izer-Zn+Cr 


7.41, 8.47 



20 

Example 8 

A 0.5% by weight aqueous solution of N-methylaminopropyltrimethdxysilane in de ionized water is pre- 
pared. An electrodeposited copper foil sample having a weight of 1 oz/ft 2 and the roughness and treatment 
25 characteristics indicated below is dipped in this solution for 30 seconds, squeegeed to remove excess solution 
from matte side and air dried. The sample is heated in an oven at 90±5°C for one minute to provide a silane 
treated sample. The silane treated sample and a foil sample identical to the silane treated sample but for the 
silane treatment are laminated to a dif unctional epoxy prepreg. The samples are scribed with 1/4" lines and 
evaluated for initial peel strength with the following results: 



30 


Sample 


Silane Treatment 


Rtm<H) 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 




A 


No 


1-3 


Stabilizer-Zn+Cr 


2.64 


35 


B 


Yes 


1-3 


Stabilizer-Zn+Cr 


4.21 



Example 9 

A 0.5% by weight aqueous solution of N-(2-aminoethyl-3-am inopropyl)t rimethoxysi lane in deionized water 
is prepared. Electrodeposited copper foil samples having weights of 1 oz/ft 2 and the roughness and treatment 
characteristics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution 
from one side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane 
treated samples. The silane treated samples and foil samples identical to the silane treated samples but for 
the silane treatment are laminated to a difunctional epoxy prepreg. The samples are scribed with 1/4" lines 
and evaluated for initial peel strength with the following results: 



50 



55 
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Sample 


Silane Treatment 


Rtm(n) 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 




A 


No 


1-3 


Stabilizer-Zn+Cr 


2.64 


5 


B 


Yes 


1-3 


Stabilizer-Zn+Cr 


2.72 




C 


No 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


6.62 




D 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


9.43 


10 


E 


No 


8-10 


Barrier-Brass/Stabilizer-Zn+Cr 


10.17, 9.83 




F 


Yes 


8-10 


Barrier-Brass/Stabilizer-Zn+Cr 


11.41, 11.17 



Example 10 

A 0.5% by weight aqueous solution of N-(2-aminoethyl-3-aminopropyl)trimethoxy silane in deionized water 
is prepared. An electrodeposited copper foil sample having a weight of 1 oz/ft 2 and the roughness and treat- 
ment characteristics indicated below is dipped in this solution for 30 seconds, squeegeed to remove excess 
solution from the shiny side and air dried. The sample is heated in an oven at 90±5°C for one minute to provide 
a silane treated sample. The silane treated sample and a foil sample identical to the silane treated sample but 
for the silane treatment are laminated to a tetraf unctional epoxy prepreg. The samples are scribed with 1/4" li- 
nes and evaluated for initial peel strength with the following results: 



25 


Sample 


Silane Treatment 




Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 




A 


No 


8-10 


Barrier-Brass/Stabilizer-Zn+Cr 


4.76. 4.76 


30 


B 


Yes 


8-10 


Barrier-Brass/Stabilizer-Zn+Cr 


6.88, 7.49 



Example 11 

35 A 0.5% by weight aqueous solution of N-(2-aminoethyl-3-aminopropyl)trimethoxy silane in deionized water 

is prepared. An electrodeposited copper foil sample having a weight of 1 oz/ft 2 and the roughness and treat- 
ment characteristics indicated below is dipped in this solution for 30 seconds, squeegeed to remove excess 
solution from the shiny side and air dried. The sample is heated in an oven at 90±5°C for one minute to provide 
a silane treated sample. The silane treated sample and a foil sample identical to the silane treated sample but 

ao for the silane treatment are laminated to a multifunctional epoxy prepreg. The samples are scribed with 1 /4" li- 
nes and evaluated for initial peel strength with the following results: 





Sample 


Silane Treatment 


RtmM 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 


45 


A 
B 


No 

Yes 


8-10 
8-10 


Barrier-Brass/Stabilizer-Zn+Cr 
Barrier-Brass/Stabilizer-Zn+Cr 


2.41 
3.33 



Example 12 

A 0.5% by weight aqueous solution of N-phenylaminopropyltrimethoxysilane in deionized water is pre- 
pared. Electrodeposited copper foil samples having weights of 1 oz/ft 2 and the roughness and treatment char- 
acteristics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution 
from one side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane 
treated samples. The silane treated samples and foil samples identical to the silane treated samples but for 
the silane treatment are laminated to a difunctionai epoxy prepreg. The samples are scribed with 1/4" lines 
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and evaluated for initial peel strength with the following results: 





Sample 


Silane Treatment 


Rt m <H> 


Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/Inch) 


5 


A 


No 


1-3 


Stabilizer-Zn+Cr 


2.64 




B 


Yes 


1-3 


Stabilizer-Zn+Cr 


3.19 




C 


No 


6-8 


Stabilizer-Zn+Cr 


8.32 


10 


D 


Yes 


6-8 


Stabilizer-Zn+Cr 


9.35 




E 


No 


6-8 


Banier-Brass/Stabilizer-Zn+Cr 


6.77 




F 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


9.07 



15 



Example 13 

A 0.5% by weight aqueous solution of a silane mixture in deionized water is prepared. The silane mixture 
20 is 25% by weight 3-glycidoxypropyltrimethoxysilane and 75% by weight phenyttriethoxysilane. Electrodepos- 
ited copper foil samples having weights of 1 oz/ft 2 and the roughness and treatment characteristics indicated 
below are dipped in this solution for 30 seconds, squeegeed to remove excess solution from the shiny side 
and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane treated samples. 
The silane treated samples and foil samples identical to the silane treated samples but for the silane treatment 
25 are laminated to a dif unctional epoxy prepreg. The samples are scribed with 1 /4 W lines and evaluated for initial 
peel strength with the following results: 

Initial Peel 

Silane Strength 
30 Sample Treatment R^fitl Barrier/StablHzer Laverfs) flbflntil) 





A 


No 


4-6 


Untreated" 


2.52 




B 


Yes 


4-6 


Untreated* 


3.55 


35 


C 


No 


4-6- 


Stabilizer-Zn+Cr 


3.35 




D 


Yes 


4-6 


Stabilizer-Zn+Cr 


4.69 




E 


No 


6-8 


Stabilizer-Zn+Cr 


5.91 


40 


F 


Yes 


6-8 


Stabilizer-Zn+Cr 


7.81 



* The untreated samples have a naturally occurring, non-dendritic or non-nodular 
layer of CuO adhered to their base surface. 

45 

Example 14 

A 0.5% by weight aqueous solution of a silane mixture in deionized water is prepared. The silane mixture 
so is 50% by weight N-methylaminopropyltrimethoxy silane and 50% by weight chloropropyltrimethoxy silane. 
Electrodeposited copper foil samples having weights of 1 ozAft 2 and the roughness and treatment character- 
istics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution from 
the shiny side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane 
treated samples. The silane treated samples and foil samples identical to the silane treated samples but for 
55 the silane treatment are laminated to a difunctional epoxy prepreg. The samples are scribed with 1/4" lines 
and evaluated for initial peel strength with the following results: 
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Sample 


Silane Treatment 


Rtm<H) 


Barrier/Stabilizer Layer(s) 


initial Pee! 
Strength (lb/inch) 


A 


No 


6-8 


Stabilizer-Zn+Cr 


7.52 


B 


Yes 


6-8 


Stabilizer-Zn+Cr 


9.88 


C 


No 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


7.43 


D 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


9.85 



10 

Example 15 

A 0.5% by weight aqueous solution of a silane mixture in deionized water is prepared. The silane mixture 
15 is 50% by weight 3-(N-Styrylmethyl-2-aminoethyf amino)propyitrimethoxy silane and 50% by weight N-methy- 
laminopropyitrimethoxy silane. Electrodeposited copper foil samples having weights of 1 oz/ft 2 and the rough- 
ness and treatment characteristics indicated below are dipped in this solution for 30 seconds, squeegeed to 
remove excess solution from the shiny side and air dried. The samples are heated in an oven at 90±5°C for 
one minute to provide silane treated samples. The silane treated samples and foil samples identical to the si- 
20 lane treated samples but for the silane treatment are laminated to a difunctional epoxy prepreg. The samples 
are scribed with 1/4" lines and evaluated for initial peel strength with the following results: 



25 



Sample 


Silane Treatment 




Barrier/Stabilizer Layers) 


Initial Peel Strength 
(lb/inch) 


A 


No 


6-8 


Stabilizer-Zn+Cr 


7.52 


B 


Yes 


6-8 


Stabilizer-Zn+Cr 


9.37 


C 


No 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


7.43 


D 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


9.33 



Example 16 

35 

A 0.5% by weight aqueous solution of a silane mixture in deionized water is prepared. The silane mixture 
is 50% by weight 3-glycidoxypropyltrimethoxysilane and 50% by weight N-methylaminopropyltrimethoxy si- 
lane. Electrodeposited copper foil samples having weights of 1 oz/ft 2 and the roughness and treatment char- 
acteristics indicated below are dipped in this solution for 30 seconds, squeegeed to remove excess solution 
40 from the shiny side and air dried. The samples are heated in an oven at 90±5°C for one minute to provide silane 
treated samples. The silane treated samples and foil samples identical to the silane treated samples but for 
the silane treatment are laminated to a difunctional epoxy prepreg. The samples are scribed with 1/4" lines 
and evaluated for initial peel strength with the following results: 



45 



Sample 


Silane Treatment 


Rtm(n) 


Barrier/Stabilizer Layor(s) 


Initial Peel 
Strength (lb/inch) 


A 


No 


6-8 


Stabilizer-Zn+Cr 


7.52 


B 


Yes 


6-8 


Stabilizer-Zn+Cr 


10.27 


C 


No 


6-8 


Banier-Brass/Stabilizer-Zn+Cr 


7.43 


D 


Yes 


6-8 


Barrier-Brass/Stabilizer-Zn+Cr 


10.41 



The inventive copper foils can be bonded to dielectric substrates to provide dimensional and structural 
stability thereto. The adhesion promoting layer of the invention enhances the bond or peel strength between 
the copper foil and the dielectric substrate. An advantage of the inventive copper foils is that these foils avoid 
added surface roughening, yet exhibit effective bond or peel strength with dielectric substrates. These foils 



15 



EP0 637 902 A1 



can have a standard profile surface, low-profile surface and even a very low-profile surface, and yet provide 
the desired peel strength. With the inventive foils, either the matte side or shiny side can be effectively bonded 
to a dielectric substrate. 

Useful dielectric substrates may be prepared by impregnating woven glass reinforcement materials with 
5 partially cured resins, usually epoxy resins (e.g., difunctional, tetrafunctional and multifunctional epoxies). 
Other useful resins include amino type resins produced from the reaction of formaldehyde and urea or formal- 
dehyde and melamine, polyesters, phenolics, silicones, polyamides, polyimides, di-allylphthlates, phenylsi- 
lanes, poly ben izimidazoles, diphenyloxides, polytetrafluoroethylenes, cyanate esters, and the like. These di- 
electric substrates are sometimes referred to as prepregs. 
10 In preparing the laminates, it is useful for both the prepreg material and the copper foil to be provided in 

the form of long webs of material rolled up in rolls. In one embodiment these long webs of foil and prepreg are 
laminated using a continuous process. In this process a continuous web of the inventive foil with the adhesion 
promoting layer adhered thereto is brought into contact with a continuous web of prepreg material under lam- 
inating conditions to form a laminate structure. This laminate structure is then cut into rectangular sheets and 
15 the rectangular sheets are then laid-up or assembled in stacks of assemblages. 

In one embodiment the long webs of foil and prepreg material are first cut into rectangular sheets and then 
subjected to lamination. In this process rectangular sheets of the inventive foil with the adhesion promoting 
layer adhered thereto and rectangular sheets of the prepreg material are then laid-up or assembled in stacks 
of assemblages. 

20 Each assemblage may comprise a prepreg sheet with a sheet of foil on either side thereof, and in each 

instance, the side (orone of the sides) of the copper foil sheet with the adhesion promoting layer adhered there- 
to is positioned adjacent the prepreg. The assemblage may be subjected to conventional laminating temper- 
atures and pressures between the plates of laminating presses to prepare laminates comprising sandwiches 
of a sheet of prepreg between sheets of copper foil. 

25 The prepregs may consist of a woven glass reinforcement fabric impregnated with a partially cured two- 

stage resin. By application of heat and pressure, the copper foil is pressed tightly against the prepreg and the 
temperature to which the assemblage is subjected activates the resin to cause curing, that is crosslinking of 
the resin and thus tight bonding of the foil to the prepreg dielectric substrate. Generally speaking, the laminating 
operation will involve pressures in the range of from about 250 to about 750 psi, temperatures in the range of 

30 from about 175°C to 235°C and a laminating cycle of from about 40 minutes to about 2 hours. The finished 
laminate may then be utilized to prepare printed circuit boards (PCB). 

In one embodiment, the laminate is subjected to a subtractive copper etching process to form electrically 
conductive lines or an electrically conductive pattern as part of a process for making a multilayered circuit 
board. A second adhesion promoting layer is then applied over the etched pattern using the techniques dis- 

35 cussed above and then a second prepreg is adhered to the etched pattern; the second adhesion promoting 
layer being positioned between and adhered to both the etched pattern and the second prepreg. The techni- 
ques for making multilayered circuit boards are well known in the art Similarly, subtractive etching processes 
are well known, an example of which is disclosed in U.S. Patent 5,017,271, which is incorporated herein by 
reference. 

40 A number of manufacturing methods are available for preparing PGBs from laminates. Additionally, there 

is a myriad of possible end use applications including radios, televisions, computers, etc., for the PCB's. These 
methods and end uses are known in the art 

An advantage of the present invention is that adhesion promoting layer not only enhances adhesion, it also 
provides enhanced oxidation resistance characteristics to the treated foil particularly when the shiny side of 
45 an electrodeposited copper foil is treated. This latter characteristic is of particular value due to the fact that 
the trend in the industry is for faster and hotter processing practices. Another advantage is that the inventive 
adhesion promoting layer provides enhanced acid undercutting resistance to the treated foils. 

While the invention has been explained in relation to its preferred embodiments, it is to be understood that 
various modifications thereof will become apparent to those skilled in the art upon reading the specification. 

so 

Claims 

1. A metallic foil with an adhesion promoting layer overlying at least one side of said foil, 
55 said adhesion promoting layer comprising at least one silane coupling agent and being character- 

ized by the absence of chromium, 

the base surface of said foil underlying said adhesion promoting layer being characterized by the 
absence of: added surface roughening; ora layer of zinc or a layer of chromium adhered to said base surface. 
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2. The foil of claim 1 wherein said foil has a matte side and a shiny side, and said adhesion promoting layer 
overlies said matte side. 

3. The foil of claim 1 wherein said foil has a matte side and a shiny side, and said adhesion promoting layer 
5 overlies said shiny side. 

4. The foil of claim 1 f 2 or 3 wherein prior to the application of said adhesion promoting layer to said one 
side of said foil, said one side of said foil is untreated. 

5. The foil of claim 1 wherein said adhesion promoting layer overlies both sides of said foil. 

10 

6. The foil of any preceding claim wherein said foil is an electrodeposited copper foil. 

7. The foil of any one of claims 1-5 wherein said foil is a wrought copper foil. 

15 8. The foil of any preceding claim wherein said one side of said foil is a standard-profile surface. 

9. The foil of any one of claims 1-7 wherein said one side of said foil is a low-profile surface. 

10. The foil of any one of claims 1-7 wherein said one side of said foil is a very low-profile surface. 

20 11. The foil of any preceding claim wherein said silane coupling agent is at least one compound represented 
by the formula 

R4-nSiXn 

wherein R is a functionally substituted hydrocarbon group, the functional substituent of said functionally 
substituted hydrocarbon group being amino, hydroxy, halo, mercapto, alkoxy, acyl, or epoxy; X is a hy- 
drolyzable group; and n is 1 , 2 or 3. 



25 



12. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound selected 
from N-(2-aminoethyl)-3-aminopropyl trimethoxy silane, 3-(N-styrylmethyl-2-aminoethylamino) propyl 
trimethoxy silane, 3-aminopropyl triethoxy silane, bis(2-hydroxyethyl)-3-aminopropyl triethoxy silane, p- 

30 (3.4-epoxy cyclohexyl)ethyl trimethoxy silane, 3-glycidoxypropyltrimethoxy silane, 3-methacryloxypropyl 

trimethoxy silane, 3-chloropropyl trimethoxy silane, vinyl trichloro silane, vinyl triethoxy silane, vinyl- 
tris(2-methoxyethoxy) silane, aminopropyl trimethoxy silane, N-methyl amino propyl trimethoxy silane, 
N-phenylaminopropyi trimethoxy silane, 3-acetoxypropyl trimethoxy silane, N-(3-acryloxy-2-hydroxypro- 
pyl)-3-aminopropyl triethoxy silane, 3-acryloxypropyl trimethoxy silane, ally! triethoxy silane, allyl trime- 

35 thoxy silane, 4-aminobutyl triethoxy silane, (aminoethyiaminomethyl) phenethyl trimethoxy silane, N-(2- 

aminoethyi-3-aminopropyl) trimethoxy silane, N-(2-aminoethyl-3-aminopropyl) tris (2-ethylhexoxy) si- 
lane, 6-(aminohexylaminopropyl) trimethoxy silane, aminophenyl trimethoxy silane, 3-(1-aminopropoxy)- 
3,3-dimethyl-1-propenyi trimethoxy silane, 3-aminopropyltris (methoxyethoxyethoxy) silane, 3-amino- 
propyl triethoxy silane, 3-aminopropyl trimethoxy silane, o-aminoundecyl trimethoxy silane, 3-[2-N-ben- 

40 zylaminoethylaminopropyl] trimethoxy silane, bis(2-hydroxyethyl)-3-aminopropyl triethoxy silane, 8-bro- 

mooctyl trimethoxy silane, bromophenyl trimethoxy silane, 3-bromopropyi trimethoxy silane, 2-chloroe- 
thyl triethoxy silane, p-(chloromethyl) phenyl trimethoxy silane, chloromethyl triethoxy silane, chlorophe- 
nyl triethoxy silane, 3-chloropropyl triethoxy silane, 3-chloropropyl trimethoxy silane, 2-(4-chlorosulfonyl- 
phenyl) ethyl trimethoxy silane, 3-(cyanoethoxy)-3,3-dimethyl-1-propenyl trimethoxy silane, 2-cyanoe- 

45 thyl triethoxy silane, 2-cyanoethyl trimethoxy silane, (cyanomethyl phenethyl) trimethoxy silane, 3-cya- 

nopropyl triethoxy silane, 3-cyclopentadienyl propyl triethoxy silane,(N,N-diethyl-3-aminopropyl)trime- 
thoxy silane, diethylphosphatoethyltriethoxy silane, (N,N-dimethy»-3-aminopropyl) trimethoxy silane, 2- 
(diphenylphosphino) ethyl triethoxy silane, 2-(3,4-epoxycyclohexyl) ethyt trimethoxy silane, 3-iodopropyl 
trimethoxy silane, 3-isocyanato propyl triethoxy silane, 3-mercaptopropyl triethoxy silane, 3-mercaptopro- 

50 pyl trimethoxy silane, methacryloxypropenyi trimethoxy silane, 3-methacryloxypropyl trimethoxy silane, 

3-methacryloxypropyltris (methoxyethoxy) silane, 3-methoxypropyl trimethoxy silane, N-methylamino- 
propyl trimethoxy silane, 0-4-methylcoumariny»-N-[3-(triethoxysilyl)propy1] carbamate, 7-oct-1-enyl tri- 
methoxy silane, N-phenethyl-N'-triethoxysilyl propylourea, N-phenylaminopropyl trimethoxy silane, 3-(N- 
styrylmethyl-2-aminoethylamino)propyl trimethoxy silane, 3-thioxyanatopropyl triethoxy silane, N-(3-trie- 

55 thoxysilytpropyl) acetylglycinamide, N-(triethoxysilylpropyl) dansylamide, N-[3-(triethoxysilyl)propyl]-2,4- 

dinitrophenylamine, triethoxysilylpropylethyl carbamate, N-I3-(triethoxysilyl)propyIH,5-dihydroimida- 
zole, N-triethoxysilylpropyl-o-menthocarbamate, 3-(triethoxysilylpropyl)-p-nitrobenzamide, N-[3-(trie- 
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thoxysilyi)propyl]phthalamic acid, N-(triethoxysifylopropyl) urea, 1-trimethoxysilyl-2-(p,m-chloromethyl)- 
phenylethane, 2-(trimethoxysilyl)ethylphenyIsulfonyla2ide, p-trimethoxysilyl ethyl-2-pyridine, trimethox- 
ysilyloctyl trimethyl ammonium bromide, trimethoxysilylpropyl cinnamate, N(3-trimethoxysilylpropyl)-N- 
methyl-N.N-diallylammonium chloride, trimethoxysilylpropyldiethylenetriamine, N-[(3-trimethoxysi- 
lyl)propyl] ethylenediamine triacetic acid trisodium salt, trimethoxysilylpropylisothiouronium chloride, N- 
(3-trimethoxysilylpropyl) pyrrole, N-trimethoxysilylpropyl tri-N- butyl ammonium bromide, N-trimethoxy- 
silylpropyl-N.N.N-trimethylammonium chloride, vinyl triethoxy silane, vinyl triisopropoxy silane, vinyl tri- 
methoxy silane, vinyl tris-t-butoxy silane, vinyl tris (2-methoxyethoxy) silane, vinyl triisopropenoxy silane, 
vinyl tris (t-butylperoxy) silane, 2-acetoxyethyl trichloro silane, 3-acryloxypropyl trichloro silane, allytri- 
chloro silane, 8-bromooctyl trichloro silane, bromophenyl trichloro silane, 3-bromopropyl trichloro silane, 
2-(carbomethoxy) ethyl trichloro silane, 1-chloroethyl trichloro silane, 2-chloroethyl trichloro silane, p- 
(chloromethyl) phenyl trichloro silane, chloromethyl trichloro silane, chlorophenyl trichloro silane, 3-chlor- 
opropyl trichloro silane, 2-(4-chlorosulfonyl phenyl) ethyl trichloro silane, (3-cyanobutyl) trichloro silane, 
2-cyanoethyl trichloro silane, 3-cyanopropyl trichloro silane, (dichloromethyl) trichloro silane, (dichloro- 
phenyl) trichloro silane, 6-hex-1 -enyl trichloro silane, 3-methacryloxy propyl trichloro silane, 3-(4-methox- 
yphenyl)propyl trichloro silane, 7-oct-1-enyl trichloro silane, 3-(N-phthalimido) propyl trichloro silane, 1- 
triehlorosilyl-2-(p,m-chloromethylphenyl) ethane, 4-[2-(trichlorosilyl)ethyl]cyclohexene f 2-[2-(trichlorosi- 
lyl)ethyl] pyridine, 4-[2-(trichlorosilyl)ethyl] pyridine, 3-(triehlorosilyl)propylchloroformate, and vinyl tri- 
chloro silane. 

13. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 

O OR« 

R'-C-C-R^-O-^-Si-OR 7 
c i i 
RV OR 1 

wherein: 

R\ R 2 and R 3 are independently hydrogen or hydrocarbon groups; 
R 4 and R 5 are independently alkylene or alkyiidene groups; and 
R 6 , R 7 and R 8 are independently hydrocarbon groups. 

14. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 

OR 5 
i 

R»-C ~C-COOR 4 -Si-OR 6 
lit 

R* R' OR 7 

wherein: 

R 1 , R 2 and R 3 are independently hydrogen or hydrocarbon groups; 

R 4 is an alkylene or alkyiidene group; and 

R 5 , R* and R 7 are independently hydrocarbon groups. 

15. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 
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OR 4 

R'-N-R^Si-OR 5 
i i 
R* OR* 

wherein: 

R 1 and R 2 are independently hydrogen or hydrocarbon group; 

R 3 is an alkylene or alkylidene group; and 

R 4 R 6 and R 8 are independently hydrocarbyl groups. 

16. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 

OR* 

R'-N-R'-N-R'-Si-OR 7 
« I • 
R* R 4 OR 1 

wherein: 

R 1 , R 2 and R 4 are independently hydrogen or hydrocarbon groups; 
R 3 and R 5 are independently alkylene or alkylidene groups; and 
R 8 R 7 and R 8 are independently hydrocarbon groups. 

17. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 

OR 3 
R'-S-R^Si-OR 4 
OR* 

wherein: 

R 1 is hydrogen or a hydrocarbon group; 

R 2 is an alkylene or alkylidene group; and 

R 3 R 4 and R 6 are independently hydrocarbon groups. 

18. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
by the formula 

R'R'C-C-Ar-R'-N-R'-N-R^SiCORVHX 
R» R» R 7 

wherein: 

R\ R 2 R 3 , R5 and R 7 are independently hydrogen or hydrocarbon groups; 
R 4 R 8 and R 8 are independently alkylene or alkylidene groups; and 
each R 9 is independently a hydrocarbon group; 
At is an aromatic group; and 
X is a halogen. 

19. The foil of any one of claims 1-10 wherein said silane coupling agent is at least one compound represented 
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by the formula 



R*0-Si 



R'O 



R'O 



f 




OR 6 
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wherein: 

R\ R 2 , R 3 , R 5 , R 6 and R 7 are independently hydrocarbon groups; 
R 4 is an alkylene or alkylidene group; and 
n isOorl. 

20. The foil of any one of claims 1-10 wherein said silane coupling agent is selected from aminopropyltrime- 
thoxy silane, tetraethoxy silane, bis(2-hydroxyethyI)-3-aminopropyltriethoxy silane, 3-(N-styryimethyl-2- 
aminoethylamine) propyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane r N-methylaminopropyltii- 
methoxysilane, 2-(2-aminoethyl-3-aminopropyl)trimethoxysilane, and N-phenylaminopropyltrimethoxy- 
silane. 

21. The foil of anyone of claims 1-10 wherein said silane coupling agent is a mixture of silane coupling agents, 
said mixture being: 

(A) 3-glycidoxypropyltrimethoxy silane and phenyltriethoxy silane; 

(B) N-methylaminopropyltrimethoxy silane and chloropropyltrimethoxy silane; 

(C) 3-(N-styrylmethyl-2-aminoethyIamino)propyltrimethoxy silane and N-methylaminopropyltrime- 
thoxy silane; or 

(D) 3-glycidoxypropyltrimethoxy silane and N-methylaminopropyltrimethoxy silane. 

22. The foil of any preceding claim wherein at least one metallic layer is positioned between said one side of 
said foil and said adhesion promoting layer, the metal in said metallic layer being selected from indium, 
tin, nickel, cobalt, brass, bronze or a mixture of two or more thereof. 

23. The foil of any one of claims 1-21 wherein at least one metallic layer is positioned between said one side 
of said foil and said adhesion promoting layer, the metal in said metallic layer being selected from tin, chro- 
mium-zinc mixture, nickel, molybdenum, aluminum, and mixtures of two or more thereof. 

24. The foil of any one of claims 1-21 wherein at least one first metallic layer is adhered to said one side of 
said foil, the metal in said first metallic layer being selected from indium, tin, nickel, cobalt, brass and 
bronze, at least one second metallic layer is adhered to said first metallic layer, the metal in said second 
metallic layer being selected from tin, chromium, chromium-zinc mixture, zinc, nickel, molybdenum, alu- 
minum, and mixtures of two or more thereof, and said adhesion promoting layer is adhered to said second 
metallic layer. 

25. A copper foil having a matte side and a shiny side and an adhesion promoting layer overlying said shiny 
side, said adhesion promoting layer comprising at least one silane coupling agent the base surface of 
the foil underlying said adhesion promoting layer being characterized by the absence of added surface 
roughening. 

26. A copper foil having a matte side and a shiny site and an adhesion promoting layer overlying said shiny 
side, said adhesion promoting layer comprising at least one silane coupling agent, the base surface of 
said shiny side being characterized by the absence of added surface roughening and a layer of zinc ap- 
plied to said base surface. 

27. A metallic foil with an adhesion promoting layer overlying at least one side of said foil, 

said adhesion promoting layer comprising at least one silane coupling agent and being character- 
ized by the absence of chromium, said silane cou pling agent being other than 3-glycidoxypropyltrimethoxy 
silane, 

the base surface of said foil underlying said adhesion promoting layer being characterized by the 
absence of: added surface roughening; or a layer of zinc or a layer of chromium adhered to said base 



20 




EP0 637 902 A1 



surface. 



28. A copper foil having matte side and a shiny side and an adhesion promoting layer overlying said shiny 
side, said adhesion promoting layer comprising at least one silane coupling agent, said silane coupling 

5 agent being other than 3-glycidoxypropyltrimethoxy silane, the base surface of the foil underlying said 

adhesion promoting layer being characterized by the absence of added surface roughening. 

29. An electrodeposited copper foil with an adhesion promoting layer overlying at least one side of said foil, 

said adhesion promoting layer comprising at least one silane coupling agent and being character- 
ized by the absence of chromium, 
" iJ the base surface of said foil underlying said adhesion promoting layer being characterzed by the 

absence of: added surface roughening; or a layer of zinc or a layer of chromium adhered to said base 
surface, 

said base surface having at least one metallic layer adhered to said base surface, the metal in said 
metallic layer being selected from indium, tin, nickel, cobalt, brass, bronze or a mixture of two or more 
15 thereof, said adhesion promoting layer being adhered to said metallic layer. 

30. An electrodeposited copper foil with an adhesion promoting layer overlying at least one side of said foil, 

said adhesion promoting layer comprising at least one silane coupling agent and being charcterized 
by the absence of chromium, 
20 the base surface of said foil underlying said adhesion promoting layer being characterized by the 

absence of: added surface roughening; or a layer of zinc or a layer of chromium adhered to said base 
surface, 

said base surface having at least one metallic layer adhered to said base surface, the metal in said 
metallic layer being selected from tin, chromium-zinc mixture, nickel, molybdenum, aluminum, and mix- 
25 tures of two or more thereof, said adhesion promoting layer being adhered to said metallic layer. 

31. An electrodeposited copper foil with an adhesion promoting layer overlying at least one side of said foil, 

said adhesion promoting layer comprising at least one silane coupling agent and being character- 
ized by the absence of chromium, 
30 the base surface of said foil underlying said adhesion promoting layer being characterized by the 

absence of: added surface roughening; or a layer of zinc or a layer of chromium adhered to said base 
surface, 

said base surface having at least one first metallic layer adhered to said base surface, the metal 
in said first metallic layer being selected from indium, tin, nickel, cobalt, brass and bronze, and at least 
35 one second metallic layer adhered to said first metallic layer, the metal in said second metallic layer being 

selected from tin, chromium, chromium-zinc mixture, zinc, nickel, molybdenum, aluminum, and mixtures 
of two or more thereof, said adhesion promoting layer being adhered to said second metallic layer. 

32. An electrodeposited copper foil having a low-profile surface on at least one side of said foil and an ad- 
40 hesion promoting layer overlying said one side of said foil, 



said adhesion promoting layer comprising at least one silane coupling agent and being character- 
ized by the absence of chromium, 
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